One of the few forms of treatment available for those who suffer from pulmonary emphysema is breathing exercises taught by physiotherapists. Generally, these exercises aim at assisting active expiration, teaching general physical relaxation, and increasing the efficiency of respiratory work. They require much time and effort from both the patient and his teacher, yet until recently there had been no survey of their effects. Some physicians believed them to be of real value, but others, such as Donald (1953) , considered them " a convenient placebo, an indirect form of psychotherapy." Becklake, McGregor, Goldman, and Braudo (1954) recently performed lung function tests before and after physiotherapy, found no improvement, and concluded that the subjective benefits claimed by patients arose from a subconscious desire to please those who were treating them. On the other. hand, Miller (1954) reported considerable improvement in lung function after a similar investigation.
The same problem was examined in the present survey. Diseases, 1953-54. very similar to those described by Reed (1952) , the patient being taught to recognize the incoordination of his breathing, to correct this by increasing his abdominal (and therefore his diaphragmatic) breathing, and to relax the excessive movement of the upper thorax and shoulder girdle.
MATERIAL AND METHODS
The vital capacity and its components were recorded as the average of three readings when these were consistent. The functional residual capacity was measured by the nitrogen elimination technique of Cournand, Baldwin, Darling, and Richards (1941); residual and total capacities were calculated from this. Duplicate tests were required to agree within 500 ml. The maximum breathing capacity was measured on a light Benedict-Roth spirometer; the better of two consistent tests was accepted; the patients were standing. Ventilatory volumes at rest were measured in a 100-litre spirometer. Oxygen uptake was measured by spirometry. Intrapulmonary gas-mixing efficiency was recorded as alveolar nitrogen per cent after seven minutes' oxygen breathing.
Arterial oxygen saturations were measured by a spectrophotometric technique. All gas volumes were corrected to those at body temperature and ambient pressures.
Diaphragm excursion was measured as the maximum movement of the midpoint of each diaphragm, with the patient standing. The measurements were made by adjustable horizontal clips on a vertical rule. No correction was made for geometric distortion, which should have been small. In a later group of patients, vertical movement of the thoracic cage during respiration was measured from the movement of lead rubber attached to the anterior chest wall at the level of the stemoxiphistemal junction.
RESULTS
CLINICAL.-The patients showed the usual backgrounds of asthma, bronchitis, wheezing, and increasing breathlessness. Several had become ill since an attack of pneumonia; some had been "gassed" in the war of 1914-18. In the main group there were 20 men and two women. The physical and radiographic signs were those group.bmj.com on June 26, 2017 -Published by http://thorax.bmj.com/ Downloaded from results in a small number of patients. The diaphragm excursion improved in all patients, the vital capacity improved in 14 of 22, and the maximum breathing capacity in 16 of 22.
Five patients showed appreciable improvement when tested after treatment. They had no common factor to account for their improvement; they were of widely different ages; four were men and one was a woman; there was nothing special about the aetiology of their disease, the manner of its onset, their features on physical examination, or the severity of their symptoms.
These patients all claimed marked subjective improvement; otherwise there was little relationship between subjective improvement and the changes in lung function.
FURTHER ANALYSIS OF DIAPHRAGMATIC MOVE-MENT. It was clear that the increase in diaphragm excursion was not related to other measurements. For example, one patient increased the diaphragm movement by 7 cm. on each side with an accompanying fall of 200 ml. in his vital capacity. It had been noted during screening that diaphragmatic movement was often jerky before treatment and smooth afterwards; that accurate measurement of its movement was often spoiled by the tendency of the patients to lift the entire chest walls during inspiration so that the diaphragm fell relative to the ribs but rose with the chest wall and thus it was sometimes at a higher level in full inspiration than in full expiration. This movement appeared to account for part, at least, of the " jump-back pattern " described by Abbott, Hopkins, Van Fleit, and Robinson (1953) . After breathing exercises this phenomenon was seldom seen. Wade (1954) The results are shown in Table III . The vital capacity and maximum breathing capacity improved a little, and the diaphragmatic excursion improved a great deal. But when allowance was made for changes in chest wall movement, the diaphragmatic excursion was the same after treatment as before; the real change after breathing exercises was in the chest wall movement. Beforehand there was a marked lifting of the chest wall in inspiration and some lowering in expiration, probably from extension and flexion of the spine. This movement was stopped by physiotherapy, sometimes within the first two sessions.
Diaphragmatic excursion corrected in this way was found to be as high in patients with emphysema as it was in normal subjects relative to the vital capacity. In nine patients it averaged 2.7 cm. per 1,000 ml. of vital capacity compared with 2.6 cm. per 1,000 ml. in 10 normal patients examined by Wade (1954) . Thus the apparent severe reduction in diaphragmatic movement in emphysema is largely fallacious.
DISCUSSION
Any physiological benefits of breathing exercises in emphysema should be shown by a rise in vital capacity and maximum breathing capacity, a fall Richards, 1941) to correspond with the relationship of the ventilation rate to the maximum breathing capacity. They have concluded that breathlessness is an awareness of respiratory effort approaching 40% of the patient's maximum. That other factors may sometimes be involved is shown by occasional patients who are breathless despite normal ventilation rate and maximum breathing capacity when the work done in achieving ventilation is increased by a low vital capacity in extensive pulmonary tuberculosis, or in the presence of bilateral pleural effusions, or with a diaphragmatic paralysis. It must therefore be possible that patients with emphysema are breathless, in part, because of the inefficient and excessive work done by the accessory muscles of respiration. When this extra work is reduced by physiotherapy they achieve the same results as before with less effort and therefore feel less breathless. This is an explanation of the benefits of physiotherapy which has previously been suggested by physicians (Christie, 1944; Oswald, 1954) and has been reasonably confirmed in the present investigation. Apart from this, it cannot be denied that many patients claim unreal benefits in order to please those who show an interest in them. SUMMARY Twenty-two patients with emphysema showed slight but not significant improvement in lung function after a course of breathing exercises. All showed marked improvement in maximum diaphragm excursion.
Further analysis of nine patients showed that the apparent increase in diaphragm excursion arose from diminished vertical movement of the chest wall; true diaphragm excursion was not altered by treatment.
It was concluded that the only physical benefit of breathing exercises was in reducing inefficient spinal and shoulder girdle movement in respiration. The exercises should therefore be directed toward this end.
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